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(54) TWO-STAGE SUPERCHARGING SYSTEM 

f t (57)Abstract: 

PROBLEM TO BE SOLVED: To accurately grasp the pressure ratio 

._ii.of a high-pressure stage compressor and accurately control the 

j. . 

I pressure ratio of the high-pressure stage compressor. 

j- 

j j SOLUTION: This two-stage supercharging system is provided with 

15. j j; 

^ ; j ; the high- pressure stage compressor 7 and a low-pressure stage 

,.]■ 

!?!;. compressor 8 arranged in series on an intake path 6, a bypass 
p 2 . H\ passage 16 bypassing a high-pressure stage turbine 4 to an exhaust 
y :pi I j j path 3, and a controller 1 9 controlling the opening of an exhaust 
bypass valve 17. The controller 19 is provided with a means for 
setting the basic opening of the exhaust bypass valve 1 7 based on an 
| engine speed RPM, a means for setting the target pressure ratio 
j PRTARGET of the high- pressure stage compressor 7, a means for 
detecting the actual measured pressure ratio PR based on the 
pressures P1 and P2 on the upstream side and the downstream side 
of the high-pressure stage compressor 7 t and a means for comparing the measured pressure ratio PR with 
the target pressure ratio PRTARGET and controlling the basic opening of the exhaust bypass valve 17 so 
that they coincide with each other. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A high-pressure-stage turbine and a low pressure stage turbine which have been arranged in 
series at an exhaust route of a diesel power plant. 

A high-pressure-stage compressor and a low pressure stage compressor which it is arranged in series at a 

suction path of the above-mentioned engine, and are driven in each above-mentioned turbine, respectively. 

A bypass channel connected so that the above-mentioned high-pressure-stage turbine might be bypassed 

to the above-mentioned exhaust route. 

An exhaust air bypass valve provided in this bypass channel. 

A control section which controls an opening of this exhaust air bypass valve. 

Are the above the two-step supercharging system which it had, and the above-mentioned control section, 
A basic opening setting-out means to set up a basic opening of an exhaust air bypass valve based on an 
engine speed value at least, A target pressure ratio setting-out means to set up a target pressure ratio of a 
high-pressure-stage compressor based on engine operational status, It is characterized by being what has a 
compensation means which amends a basic opening of an exhaust air bypass valve so that a measuring 
pressure power ratio detection means to detect an actual measuring pressure power ratio based on a 
pressure of the upper stream of a high-pressure-stage compressor and the lower stream may be compared 
with a measuring pressure power ratio and a target pressure ratio and they may be in agreement. 
[Claim 2]The two-step supercharging system according to claim 1 which is what sets up a basic opening of 
an exhaust air bypass valve so that the above-mentioned basic opening setting-out means may make a 
high-pressure-stage compressor operate along a desired operation line based on engine number of 
rotations and loaded condition. 

[Claim 3]The two-step supercharging system according to claim 1 to 2 whose above-mentioned target 
pressure ratio setting-out means is what sets up a target pressure ratio of a high-pressure-stage 
compressor based on engine number of rotations and loaded condition. 

[Claim 4]A measurement corrected mass flow detection means by which the above-mentioned control 
section detects an actual measurement corrected mass flow of a high-pressure-stage compressor, The 
two-step supercharging system according to claim 1 to 3 further provided with a target corrected mass flow 
setting-out means to set up a target corrected mass flow of a high-pressure-stage compressor based on 
an engine operation condition, and an anomaly judging means judged that a time of a measurement 
corrected mass flow not being in agreement with a target corrected mass flow is unusual. 
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[Claim 5]The two-step supercharging system comprising according to claim 4: 

An intake air flow sensor with which the above-mentioned measurement corrected mass flow detection 
means was formed in a suction path. 

A pressure sensor and a temperature sensor which were formed in the upstream of a high-pressure-stage 
compressor, respectively. 

A calculating means which computes a measurement corrected mass flow based on a detection value of 
these each sensor. 

[Claim 6]An operational status decision means the above-mentioned control section judges operational 
status of a high-pressure-stage compressor to be based on a measuring pressure power ratio and a 
measurement corrected mass flow of a high-pressure-stage compressor, The two-step supercharging 
system according to claim 1 to 5 further provided with emergency measures which open the 
above-mentioned exhaust air bypass valve when it is judged that a high-pressure-stage compressor is 
operated in a serge field or an OBAREBU field. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a two-step supercharging system. 
[0002] 

[Description of the Prior Art]The high-pressure-stage turbine and low pressure stage turbine which have 
been arranged in series as a two-step supercharging system at the exhaust route of a diesel power plant, 
The thing provided with the high-pressure-stage compressor and low pressure stage compressor which it is 
arranged in series at the suction path of a diesel power plant, and are driven in each turbine, respectively is 
known. In this two-step supercharging system, although final charge pressure is determined by two 
compressors, it becomes important to grasp the work load of a high-pressure-stage compressor correctly, 
and to control it especially. 

[0003]Then, a bypass channel is connected so that a high-pressure-stage turbine may be bypassed to an 
exhaust route, and the device which controls the work load of a high-pressure-stage compressor by 
adjusting the opening of the exhaust air bypass valve provided in the bypass channel is developed 
(JP,59-1833,U etc.). However, this device detects final charge pressure power with the pressure sensor 
formed in the downstream of the high-pressure-stage compressor. 

The work load (pressure ratio) of only a high-pressure-stage compressor cannot be grasped correctly. 
[0004]Namely, the final charge pressure power obtained from the pressure sensor formed in the 
downstream of the high-pressure-stage compressor, Since not only the work load of a high-pressure-stage 
compressor but the influence of the work load of a low pressure stage compressor is received, based on 
such final charge pressure power, the work load (pressure ratio) of only a high-pressure-stage compressor 
cannot be grasped correctly. That is, the work load (pressure ratio) of a high-pressure-stage compressor is 
correctly grasped to the above-mentioned device, and the technical thought of controlling correctly the 
work load (pressure ratio) of a high-pressure-stage compressor does not exist in it. 
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[0005]One turbocharger is interposed in the pumping course of a diesel power plant as a usual one-step 
supercharging system, In the system which connected the bypass channel so that a turbine might be 
bypassed to an exhaust route, and provided the exhaust air bypass valve in the bypass channel, The 
pressure of the upper stream of a compressor and the lower stream is detected, respectively, the 
manifold-air-pressure ratio of a compressor is computed from those detection values, and what is 
controlled to open a bypass valve when the manifold-air-pressure ratio breaks the surge line of a 
compressor is developed (JP,61 -95938,11 etc.). 

[0006] However, this system originates in the exhaust gas pressure of a turbine becoming low relatively, and 
the number of rotations of a turbine increasing, when vehicles run class of 4000-m super-high ground, and 
aims at avoiding beforehand that the operation line of a compressor approaches a surge line. 
The work load of the high-pressure-stage compressor of a two-step supercharging system is grasped 
correctly, and is not controlled. 

That is, after the above-mentioned system realizes high voltage supercharge by two-step supercharge, it is 
unrelated to the art of controlling correctly to grasp the work load of a high-pressure-stage compressor 
correctly, and to become the efficiency maximum, and avoiding aggravation of fuel consumption. 
[0007] 

[Problem(s) to be Solved by the Invention]Above, in short, in a two-step supercharging system, the work 
load (pressure ratio) of a high-pressure-stage compressor is grasped correctly, and what controls a 
two-step supercharging system correctly is not developed conventionally. 
[0008] 

[Means for Solving the Problem]A high-pressure-stage turbine and a low pressure stage turbine which have 
been arranged in series at an exhaust route of a diesel power plant which is characterized by that a thing 
comprises the following that an aforementioned problem should be solved, A high-pressure-stage 
compressor and a low pressure stage compressor which it is arranged in series at a suction path of the 
above-mentioned engine, and are driven in each above-mentioned turbine, respectively, The two-step 
supercharging system provided with a bypass channel connected so that the above-mentioned 
high-pressure-stage turbine might be bypassed to the above-mentioned exhaust route, an exhaust air 
bypass valve provided in this bypass channel, and a control section which controls an opening of this 
exhaust air bypass valve. 

A basic opening setting-out means by which the above-mentioned control section sets up a basic opening 
of an exhaust air bypass valve based on an engine speed value at least. 

A target pressure ratio setting-out means to set up a target pressure ratio of a high-pressure-stage 
compressor based on engine operational status. 

A measuring pressure power ratio detection means to detect an actual measuring pressure power ratio 
based on a pressure of the upper stream of a high-pressure-stage compressor, and the lower stream. 
A compensation means which amends a basic opening of an exhaust air bypass valve so that a measuring 
pressure power ratio may be compared with a target pressure ratio and they may be in agreement. 
[0009]Based on engine number of rotations and loaded condition, the above-mentioned basic opening 
setting-out means may set up a basic opening of an exhaust air bypass valve so that it may make a 
high-pressure-stage compressor operate along a desired operation line. 
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[0010]The above-mentioned target pressure ratio setting-out means may set up a target pressure ratio of 
a high-pressure-stage compressor based on engine number of rotations and loaded condition. 
[001 1]A measurement corrected mass flow detection means by which the above-mentioned control section 
detects an actual measurement corrected mass flow of a high-pressure-stage compressor, It may have 
further a target corrected mass flow setting-out means to set up a target corrected mass flow of a 
high-pressure-stage compressor based on an engine operation condition, and an anomaly judging means 
judged that a time of a measurement corrected mass flow not being in agreement with a target corrected 
mass flow is unusual. 

[0012]The above-mentioned measurement corrected mass flow detection means may be provided with an 
intake air flow sensor formed in a suction path, a pressure sensor formed in the upstream of a 
high-pressure-stage compressor, respectively and a temperature sensor, and a calculating means which 
computes a measurement corrected mass flow based on a detection value of these each sensor. 
[0013]An operational status decision means the above-mentioned control section judges operational status 
of a high-pressure-stage compressor to be based on a measuring pressure power ratio and a measurement 
corrected mass flow of a high-pressure-stage compressor, When it is judged that a high-pressure-stage 
compressor is operated in a serge field or an OBAREBU field, it may have further emergency measures 
which open the above-mentioned exhaust air bypass valve. 
[0014] 

[Embodiment of the InventionjOne embodiment of this invention is described based on an accompanying 
drawing. 

[0015] Drawing 1 is a figure showing the outline of the two-step supercharging system 1 concerning this 
embodiment. 

[0016]So that it may illustrate to the exhaust route 3 of the diesel power plant 2. The high-pressure-stage 
turbine 4 and the low pressure stage turbine 5 separate an interval to the flow direction of exhaust gas, and 
are interposed in it in series, and the high-pressure-stage compressor 7 and the low pressure stage 
compressor 8 separate an interval to the flow direction of suction air, and are interposed in the suction path 
6 of the diesel power plant 2 in series in it. It is connected with the axis of rotation 10, and the 
high-pressure-stage turbo 1 1 is constituted, the low pressure stage compressor 8 and the low pressure 
stage turbine 5 are connected with the axis of rotation 12, and the high-pressure-stage compressor 7 and 
the high-pressure-stage turbine 4 constitute the low pressure stage turbo 13. 

[0017]The intercooler 14 is interposed in the suction path 6 between the low pressure stage compressor 8 
and the high-pressure-stage compressor 7, and the after-cooler 15 is interposed in the suction path 6 
between the high-pressure-stage compressor 7 and the engine 2. Although they cool the suction air which 
carried out temperature up by compression, it is not what of an invention is constitutionally not necessarily 
required, either may be sufficient as the intercooler 14 and the after-cooler 15, and even if there are no 
both sides again, they are not cared about. 

[0018]The bypass channel 16 connected to the upstream and the downstream of the high-pressure-stage 
turbine 4 is established in the exhaust route 3 so that the high-pressure-stage turbine 4 may be bypassed. 
The exhaust air bypass valve 17 is interposed in the bypass channel 16. The opening is adjusted by the 
actuator 18 and the exhaust air bypass valve 17 adjusts the flow of the exhaust gas which flows through the 
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inside of the bypass channel 16 (0-100 %). The operation of the actuator 18 is controlled by the control 
section 19. 

[0019]The intake air flow sensor 20 which detects the intake air flow M is formed in the suction path 6 of 
the upstream of the low pressure stage compressor 8. The 1st pressure sensor 21 that detects the manifold 
air pressure P1 of the high-pressure-stage compressor 7, and the temperature sensor 22 which detects the 
intake-air temperature T1 are formed in the suction path 6 between the intercooler 14 and the 
high-pressure-stage compressor 7. The 2nd pressure sensor 23 that detects the discharge pressure 92 of 
the high-pressure-stage compressor 7 is formed in the suction path 6 between the high-pressure-stage 
compressor 7 and the after-cooler 15. 

[0020]The load sensor 25 which detects the rotation sensor 24 and load LD which detect 
number-of-rotations RPM of the engine 2 is formed in the engine 2. These intake air flow sensors 20, the 
1st pressure sensor 21, the 2nd pressure sensor 23, the temperature sensor 22, the rotation sensor 24, and 
the load sensor 25 are connected to the control section 1 9, and the output of each sensors 20-25 is sent to 
the control section 19. The control section 19 controls the actuator 18 according to the output value sent 
from each sensors 20-25, and controls the opening of the exhaust air bypass valve 17 like the 
after-mentioned. 

[0021]The flows of control of this control section 19 are explained using drawing 2 thru/or drawing 6 . 
[0022]After a start, the rotation sensor 24 detects present engine speed value RPM at Step 1, and the load 
sensor 25 detects the present engine load LD. Detected present engine speed value RPM and the present 
load LD are sent to the control section 1 9. 

[0023]Next, at Step 2, present engine speed value RPM detected at Step 1 and load LD are inputted into 
the bypass valve opening map M1 shown in drawing 4 written in in the control section 19, and the basic 
opening of the bypass valve 17 is determined. That is, the control section 19 is provided with a basic 
opening setting-out means to set up the basic opening of the exhaust air bypass valve 17 based on engine 
speed value RPM at least. 

[0024] A basic opening setting-out means consists of the bypass valve opening map M1 which sets up the 
basic opening of the exhaust air bypass valve 1 7 based on the state of number-of-rotations RPM of the 
engine 2, and load LD. On this bypass valve opening map M1, the passage exhaust gas volume of the 
high-pressure-stage turbine 4 is controlled by controlling the basic opening of the exhaust air bypass valve 
1 7, The high-pressure-stage compressor 7 can be made to operate along the operation line (for example, 
operation line set as the efficient region where fuel consumption becomes good) of the request in which it 
was beforehand provided according to the operational status (number-of-rotations RPM, load LD) of the 
engine 2. 

[0025]According to this embodiment, if the basic opening of the bypass valve 17 will become large if 
number-of-rotations RPM becomes high and load LD becomes large as shown in the bypass valve opening 
map M1 of drawing 4 , number-of-rotations RPM becomes low and load LD becomes small, the basic 
characteristic is set up become small. He avoids the superfluous supercharge at the time of a 
high-rotational heavy load, and is trying to secure the charge pressure at the time of low rotation low 
loading by this. 

[0026]Next, present engine speed value RPM and load LD which were detected at Step 1 by Step 3, It is 

6 



JP 2001-329849 

inputted into the target pressure ratio and the target corrected mass flow map M2 shown in drawing 5 
written in in the control section 19, and target pressure ratio PR TARGET of the high-pressure-stage 
compressor 7 and target corrected mass flow Mc TARGET are determined. That is, the control section 1 9 is 
provided with the following. 

A target pressure ratio setting-out means to set up target pressure ratio PR TARGET of the 
high-pressure-stage compressor 7 based on the operational status (engine speed value RPM, load LD) of 
the engine 2. 

A target corrected mass flow setting-out means to set up target corrected mass flow Mc TARGET of the 
high-pressure-stage compressor 7. 

[0027]A target pressure ratio setting-out means and a target corrected mass flow setting-out means 
consist of a target pressure ratio and the target corrected mass flow map M2. Target pressure ratio 
Retarget ar, d target corrected mass flow Mc TARGET which were written in this map M2, According to change of 
the operational status (number-of-rotations RPM, load LD) of the engine 2, it is set as the value made to 
trace along the operation line (for example, operation line set as the efficient region where fuel consumption 
becomes good) of the request which was able to define the high-pressure-stage compressor 7 beforehand. 
[0028]As shown in drawing 5 , in this embodiment a target pressure ratio and the target corrected mass flow 
map M2, If about 1000 RPM enlarges target pressure ratio PR TARG et w ' tri the rise °f engine speed value RPM 
and it is set to about 1000 or more RPM, the basic characteristic is set up lower target pressure ratio 
PRtarget- Thereby, the superfluous supercharge at the time of a high rotational is avoided, securing the 
charge pressure in a low/medium-speed-rotation region. 

[0029]Next, at Step 4, with the 1st and 2nd pressure sensors 21 and 23, the pressure P1 of the upstream of 
the high-pressure-stage compressor 7 and the pressure P2 of the downstream are detected, and present 
measuring pressure power ratio PR=P2/P1 is calculated at the control section 19. That is, the control 
section 19 has the pressure P1 of the upper stream of the high-pressure-stage compressor 7, and the 
lower stream, and a measuring pressure power ratio detection means to detect the actual measuring 
pressure power ratio PR based on P2. A measuring pressure power ratio detection means has the 1st and 
2nd pressure sensors 21 and 23. 

[0030]Next, the measuring pressure power ratio PR and target pressure ratio PR TARGET are compared by 
Step 5 within the control section 19. And if the control section 19 is measuring pressure power ratio PR> 
target pressure ratio PR TARGET , it sends the instructions which enlarge the opening of the exhaust air bypass 
valve 17 to the actuator 18 at Step 6, If it is measuring pressure power ratio PR< target pressure ratio 
PR TARGET , the instructions which make small the opening of the exhaust air bypass valve 17 are sent to the 
actuator 18 at Step 7. After passing Step 6 or Step 7, it returns to Step 4 again. 

[0031]And the pressure PI and P2 are again detected at Step 4, measuring pressure power ratio PR=P2/P1 
is calculated, and Step 5 compares the measuring pressure power ratio PR and target pressure ratio 
PRtarget- This circulation is performed until the measuring pressure power ratio PR is in agreement with 
target pressure ratio PR TARGET at Step 5. The basic opening of the exhaust air bypass valve 1 7 determined at 
Step 2 is amended by this feedback control so that the measuring pressure power ratio PR and target 
pressure ratio PR TARGET may be in agreement. That is, the control section 19 has a compensation means 
which amends the basic opening of the exhaust air bypass valve 17 so that the measuring pressure power 
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ratio PR may be compared with target pressure ratio PR TARGET and they may be in agreement. 
[0032]A compensation means comprises Steps 4-7. The pressure ratio (measuring pressure power ratio 
PR) of the high-pressure-stage compressor 7 is made the pressure ratio (target pressure ratio PR TARGET ) 
which matched the operational status (number-of-rotations RPM, load LD) of the engine 2 at that time by 
the opening control of the exhaust air bypass valve 17 by this compensation means. By this, the 
high-pressure-stage compressor 7 will be operated along the operation line (for example, operation line set 
as the efficient region where fuel consumption becomes good) of the request beforehand defined according 
to the operational status (number-of-rotations RPM, load LD) of the engine 2. 

[0033]Next if it becomes measuring pressure power ratio PR= target pressure ratio PR TA rget a * Step 5, it 
will go to Step 8. In Step 8, the intake air flow M is detected by the intake air flow sensor 20, and the air 
temperature T1 is detected by the temperature sensor 22. And the present measurement corrected mass 
flow Mc is computed by Mc=(Mx(T1/Tr) 05 )/(P1/Pr) by the control section 19. 

[0034]Here, Tr is the base temperature for amendment, 20 ** (293K) is used, Pr is the reference pressure 
for amendment and atmospheric pressure (1.013 BAR) is used. That is, the control section 19 has a 
measurement corrected mass flow setting-out means (Step 8) to detect the actual measurement corrected 
mass flow Mc of the high-pressure-stage compressor 7. A measurement corrected mass flow setting-out 
means has the intake air flow sensor 20, the 1st pressure sensor 21, and the temperature sensor 22. And it 
goes to Step 9. 

[0035]The measurement corrected mass flow Mc computed at Step 8 and target corrected mass flow 
Mc TARGET calculated from the map M2 at Step 3 are compared within the control section 19 by Step 9. And if 
it is measurement corrected mass flow Mc= target corrected mass flow Mc TARGET , it returns to a start toward 
Step 10, and if it is not measurement corrected mass flow Mc= target corrected mass flow Mc TARGET , alarm 
lamps (warning buzzer etc.) will be operated toward Step 11. 

[0036]Namely, when the measuring pressure power ratio PR is in agreement with target pressure ratio 
PR TARGET at Step 5, If the check of whether the measurement corrected mass flow Mc is in agreement with 
target corrected mass flow Mc TARGET at Step 9 is made and the measurement corrected mass flow Mc is not 
in agreement with target corrected mass flow Mc TARGET , Since it is thought that they are a certain 
abnormalities, alarm lamps (warning buzzer etc.) are operated at Step 1 1. That is, it has an anomaly judging 
means (Steps 9 and 11) judged that the time of the measurement corrected mass flow Mc not being in 
agreement with target corrected mass flow Mc TARGET of the control section 19 is unusual. 
[0037]As a cause by which the measurement corrected mass flow Mc does not reach target corrected mass 
flow Mc TARGET even if the measuring pressure power ratio PR has reached target pressure ratio PR TA r GE t> For 
example, the case where abnormalities arise to the low pressure stage compressor 8, and it is not operating 
properly to it, and the case where breakage (outgassing) of plugging or a pipe has arisen in the suction path 
6 are assumed. Here, if feedback control is performed with the pressure ratio PR as shown in Steps 4-7 of 
this embodiment, even if there are the above abnormalities, the pressure ratio PR can consider the case 
where it becomes normal values, and unusual judgment may become impossible [ the pressure ratio ] by the 
opening control of the exhaust air bypass valve 17. Therefore, it is very useful to make an unusual judgment 
with the corrected mass flow Mc. 

[0038]Although the basic opening of the exhaust air bypass valve 17 may be amended based on the 
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comparison result of the computed measurement corrected mass flow Mc and target corrected mass flow 
Mc TARGET calculated from the map M2, Priority is given to the comparison result of the measuring pressure 
power ratio PR computed as shown in Step 5, and target pressure ratio PR TA rget calculated from the map 
M2 in this embodiment. Namely, although Step 5 and Step 9 may be replaced, priority is given to the 
pressure ratio PR over the corrected mass flow Mc in this embodiment. 

[0039]Because, calculation of the ** corrected mass flow Mc receives, although it is complicated, there are 
also many sensors and calculation is necessity (the intake air flow sensor 20, the 1st pressure sensor 21, 
the temperature sensor 22), as shown in Step 8, As shown in Step 4, calculation of the pressure ratio PR is 
easy to calculate, and there are also few sensors, and it is from ending (the 1 st and 2nd pressure sensors 21 
and 23). In the ** corrected mass flow Mc, it is because it is difficult to specify the working point of the 
high-pressure-stage compressor 7, and the working point of the high-pressure-stage compressor 7 can be 
specified and the direction of the control can also be clearly defined with the pressure ratio PR to the 
direction of the control not being decided simply, either. To pressure ratio PR=P2/P1 of this difference 
being the pressure ratio of the high-pressure-stage compressor 7 itself, the corrected mass flow Mc is 
produced in order to receive strongly the influence of an operation of the low pressure stage compressor 8. 
[0040]The next of Step 11 goes to Step 12. In Step 12, the measurement corrected mass flow Mc and the 
measuring pressure power ratio PR are inputted into the operating-space restriction map M3 shown in 
drawing 6 written in the control section 19, The operational status of the present high-pressure-stage 
compressor 7 is read, and it is judged whether it is in which field of a serge field, a proper field, or an 
OBAREBU field at Step 13. And if it is a fitness field, it will return to a start at Step 14, and if it is a serge 
field or an OBAREBU field, the opening of the exhaust air bypass valve 17 will be made full admission at 
Step 1 5, and it will return to a start at Step 1 6. 

[0041]. If the flow Mc has not reached desired value Mc TARGET at Step 9 by this when the pressure ratio PR 
reaches desired value PR TARG rr at Step 5, think that they are a certain abnormalities as mentioned above, 
and operate alarm lamps (warning buzzer etc.). Then, when the abnormal condition is judged that the 
high-pressure-stage compressor 7 is a serge field or an OBAREBU field at Step 13, The exhaust air bypass 
valve 17 is made full admission, the high-pressure-stage compressor 7 currently operated in the serge field 
or the OBAREBU field is returned to a proper field, and the high-pressure-stage compressor 7 is protected. 
[0042]That is, the control section 19 is provided with the following. 

The operational status decision means which judges the operational status of the high-pressure-stage 
compressor 7 based on the measuring pressure power ratio PR and the measurement corrected mass flow 
Mc of the high-pressure-stage compressor 7. 

The emergency measures which open the exhaust air bypass valve 17 when it is judged that the 
high-pressure-stage compressor 7 is operated in the serge field or the OBAREBU field. 
An operational status decision means has the operating-space restriction map M3 shown in drawing 6 , and 
emergency measures have Steps 13 and 15. 

[0043]In [ as explained above ] the two-step supercharging system 1 this embodiment, Pressure ratio 
PRtarget made into the target of the high-pressure-stage compressor 7 from number-oProtations RPM of 
the engine 2 and load LD is set up, and the exhaust air bypass valve 17 is always controlled to become this 
pressure ratio PR TA rget- It becomes possible to be able to make the high-pressure-stage compressor 7 
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operate correctly along a desired operation line, for example, to make the high-pressure-stage compressor 

8 by this, operate correctly along the good operation line of fuel consumption. 

[0044] 

[Effect of the InventionjAccording to this invention, the following effects can be demonstrated as explained 
above. 

[00453(1 ) Since the pressure ratio of a high-pressure-stage compressor is grasped correctly and can be 
controlled, a high-pressure-stage compressor can be made to operate correctly along a desired operation 
line. Therefore, for example, it becomes possible to make a high-pressure-stage compressor operate along 
the good operation line of fuel consumption. 

[0046](2) The abnormalities of a pumping system of a turbo and an engine can be diagnosed. 
[Brief Description of the Drawings] 

[Drawing 1] It is an explanatory view showing the outline of the two-step supercharging system concerning 
one embodiment of this invention. 

[Drawing 2] It is a flow chart showing the flows of control of the above-mentioned two-step supercharging 
system. 

[Drawing 3] It is a flow chart showing a continuation of the above-mentioned flows of control. 

[Drawing 4] It is a bypass valve opening map used for the above-mentioned flows of control. 

[Drawing 5] They are the target pressure ratio and target corrected mass flow map used for the 

above-mentioned flows of control. 

[Drawing 6] It is an operating-space restriction map used for the above-mentioned flows of control. 
[Description of Notations] 

1 Two-step supercharging system 

2 Diesel power plant 

3 Exhaust route 

4 High-pressure-stage turbine 

5 Low pressure stage turbine 

6 Suction path 

7 High-pressure-stage compressor 

8 Low pressure stage compressor 

1 6 Bypass channel 

1 7 Exhaust air bypass valve 
1 9 Control section 

PR Measuring pressure power ratio 

PR TARGET target pressure ratio 

Mc Measurement corrected mass flow 

Mc TARGET target corrected mass flow 

P1 Pressure 

P2 Pressure 



[Translation done.] 
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(54) [fBSd©^] 2Sjat&>/XxA 

(57) mm mts) 

ami *ms3yruy*oE*jt*jEaiciffii 

U H5Eg3yyu-y9-©E^J±«:IE5i»cMffl-r5C 

to 

U -v "9- 7 *5 J: tflfiES 3 V f U <y -9" 8 t , SIM&K 
3£ifE&?-fc">4£^^7.-t&/W/^ilS8 1 6 

^W^X#1 7QM£«ftj&-*-SIHflffil 9fc 
MSISPl 9tt, x>->*>(HieU(RPM KgoVT 
il/W/U^f 1 7<DS«])t%rS^-r«#Si:, S5E 
a3VyUy9-7 01«BE*JtPRT«i«T Z®JZ?Z^ 
mt, i«5EIS3V7 p U-y9-7<0±gitfed;tfTSii<DE^P 
K P 2 fC»l>T^«0«E^I± P R *ttttft-«¥tt 

»JSE73l:tPRi:i®E73tbPRTAKct-r fc*tfc«L 
T^ft5tf-g^£><fc3K8EM^/Sx#l 7®S*M 

fi*siiE-r*^S4:*w-r«. 




(2) 



2001-329849 



l ] xf — tf^xy^otMUSKlcitnic 
BB« ft ft - if y fc <fc If flSES * - fc" V k , ± 

tct^T^ffiid^ftSiasEgn^yu-vitfeio'faE 

gnv/Uy^t, ±8E»«»»C±JEjaES * - fc" v 
IcSttSftfc'W/ttilBfc, K>< 

^^xinsKHysftfeSPfic^w/^i:, mim>u 

'tX#<DWmZffl®? 3»S5k £«*.ft 2 gj§*8i/X 

BBfi!S^#S k . x y VOjffigttflRtSt *Tflffi8 a 
k, KEg3yyu-y9-0±»E*J:tfTa0E*CSi/^ 

Ts^o»J^E*Jt*ttui-r4a!i^E*it«a#ai:. 
«BeE*Jti:aaiE*it4:*Jt«LT*ft6^-a-r* 

A. 

«*IJSfi£R5rrSfc©T?fc*3Mi« 1 S2KO 2Sifl*S 

l«E;fctt*K£ , r*fc©?*S»#91 1 7"iM2l2«© 
2gjg*&v'XT A. 

x v > mmvim ic m^r kek nyyu-y-y-ogmg 

Eiffi«£l&£ir?>gJffiE«ffilS£¥gk, $J£iiIE?Sft 

i««iEsu k -a «: tuff k nmt sum 

<D2gja*&->XrA 0 

08**5] ±E#JJ£0IEB*t«$ffi#ljH4, 
»cg&tt£>ftftx77o— ty-Vt^ lSSm^>yi"'J^ 
©±»*lc**B»*6ftfcEa*:/tf*J:tfM*:/tf 
k, cft6*-fey*OSttlMilc»v^TW6lliEJlMI*J» 
HJf ftlt*. ftfe<OT*SSffl5R5i 4 E«© 2 

t»*W6] JbEMMH:. iSE©3i>7 p U>y9-OjBiJ 
3t E*l Jtfc <fc I/iH^flfiEggmtcav ^TiSiEg n > 7* l> v 

>7 U-y -9- ^|«| ftl4*- U7M«T'Sfi 
*ftTV>3kWSr-*ftftk#±E8MJUV^X#*|$afc 
■4-*lf1ir^a4:*MK:«jlfcfeO-paB*«|*5(l71M5 
ESt©2&jS&->X-fA 0 

[f8i?J©i¥*ffl4Bttll] 

[0 001] 



KMT S. 
[0 0 0 2] 

[f£3l*©tt*fi] 2Si®;£->X7 1 AkLT. f-i- tf;l/x 
>->' ><DSf SSBK-jffiWKEB* tiftift Eg* - 1* Vfc 
<fc tfffiES * - fc" > k , x-c — b*;Ux > ->*xd?RMS!S 
^iRiJfcEHSft^^-evfc.fcoT^lgft^ftSS 
Eg n v 7 U -y +T fc ± ffiEIS 3 V ^ U >y -fr k * ft x. ft 
fc<D**fcI6ftTV5. frfrS 2&j®*SS/Xx Atfcl^T 
10 »i, 2 0©n>7U-v9-fCJ:-3T^W4jgieE**^ 

^ESiicffisi l ast ^ c k **®g t ts. 5„ 

[0 0 0 3] $«HS8(CigEf£2-t*:/£7"f 

Stt&ftft$m>'W/*x#©iigfi£i@tpT5c kr% is 

E®=iyrUy9-Oft»«*«iJliBl-r**B*'BB»«ftT 
1^-5 (HMBS5 9- 1 8 3 3^f&$gl?) . LfrU C<D 
ttlltt. ii5Egn>7U'y9-©TSitflJfcllStteftftE^ 

-tr y+r iz «t -3 Tm&wzm&E.ii zm&t % t ot-s 

20 D, «EI53v7u-y+>-o^©f±iP« (£E*Jt) ^IE5S 

[0 0 0 4] -r^ft^, i^Egnyyb-y-y-OTiSSffllK 
!8lt5)ftftE-^H:v9-A^»e)ft«.«*IW*ja*&E* 
14, i^Egn y/U7 -9-©f±flIMO*i5:5.-r(SEga V 

^W*iil&Etlfc»i,^TffiEg3V7U-y9-©*<D{±* 
15 (E^ilt) JfeiEBUcffla-rsciktt-etJi^^OT* 

So ±ettH(ca, iSES^yyu-y-y-ott* 

30 mm (ET^Jrt) ?rE5riUCf|iij8|-r?,tl,>3Sffi. l SSU4irfE 

[0 0 0 5] $ft, a^Olgjgl&v'X-fAkLT, x 
-c - -t?;Ux > ->* V CD®Sf MSifS tc ^ - - -v - •» % l 

mftmu i%%Lmmct>-eyz>W'<7>?z&5icA 

-Y^XjiK^rS^L, /^^xaSS»cj0§[/W^X#?: 
Kit ft i/X r Ate fc^T , 3 > 7 U -y +t- cD_hi5P L fc<fc tfT 

jjftoE^^^^teL, ztizommmfrb^yyi'v 

40 »cf|iiJffl|-r5t<D**BB%«ftTl>S (*BaBB6 l - 9 5 9 

[0 0 0 6] L^L, CcD->XTi»(4, ^MA'4 0 0 0 
mfROiESigltte^^tT-rs k * fc V<OfiFEA*ffl« 

WtcfS < 4 o T * - k* V ©@IE» A'if S 3 C k {CJSH U 
T, 3>7U-y^tD^i()^A ,i -9--i*7-ry«Cjfif>t< c k 

*&->XrA©iSEg-3y7U-y9-<0ft*ffl«:E«t(cffig 

tt, 2|«aiSKJ:r3TSEii*&**^Lfc±-e, laEg 



(3) 



ftffl 2001-329849 



[0 0 0 7] 

IB (E^ltt) fclESUcffitlU 2&ja^>XxA£IE5iii 
[0 0 0 8] 

[HIS^Pi*-rS^:46<D#g] ±IHl!S^»i*t-'<<* 
Ty^igUjSnSiSEf&n >r l> v J; tffftEISn y 

mmc Kit ?» titc$m; u^zftt. mm? w^x# 
■3-^Tflf^^^x#os*r»is*i§^^s*^aig 

ES3V^ , Uy9-(0±ait*3J:0 : TMOEt)»cffiV'>T|g^ 
[0 0 0 9] Sfc, ±KS#IJflStfti£#&tt, xv->*> 

[ooio] sfc, ±ei«E*ttaas^att, 

•9-<OgfflE/3tk*IS^-r-5feOT-feoTfe«tl/^ 
[0 0 1 1] f-fc, ±fEiliiJ»8l»i> iMES^vyb-y+f 

fc, x>->'>ffie«ffitcS^T^Eg3V7 p U^'9-<D@ 

iESiai 1 ««ES« i: -a t ft i/^ i: * SUT 4: |ij»r-r 4 

[0 0 12] Sft, ±K8B5£«KE»ffi«WJ#8ti, 40 
^tc^^n/-cx77n— iSESnv^b 
•y ?©±»ffl!l«c* * ttl * 5> tifcEft -tr W$s Ja o'rSS-b 

[0 0 13] Sfc, ±IE»J»»tt, iS[Eg3>yu-y-9- 
©»«E*ltkteJ:tffll«»iE8SfflKS^TKffa3>r 
U-yU-oaettJS^WBf-rsaettlRfJBi^gf:, i»E 

mmtiT^z t wRsnfc t t±!a#st/W/*x#£ 



[0 0 1 4] 

[0015]@llt **fiSJg®{C^5 2aiiJf&->Xr 

[0 0 16] H5rf 5«k3lc N f -f— tf;l/xy-;y> 2(0 
»as»3ttt, B!ES^-tr>4i:f6ES*-e>5 
fc*^fll^XO»Etl*lRlKIHIHI*HTT1t5«JH:^KStl 
Tfc!^ 7-V-4f;l/x>i/>2<D®a^SS6(c{i, Iff 
>7u>y +f 7 t ffiESn y 7 L/ -y +f 8 i: A^[RX2S» 
©ffitt^ftlcHPBfcllTTii^JKtt&SnTl/^o SE 
Snvyu-y-9-7 tiSES3f-t*V4 fc«[eU£$fil 0T 
jWSSnTKEa*-* 1 l**jau {gEK=iy7b 

[0 0 17] teESnvyu-y+TS fciBES^ v^U>y 
■9-7 fc<0^<0©aSSS6»Cfi, -fyjf-^-7 1 4W> 
SSSftTfcD, iSffgnyyu^+f? fcx>i/*V2 t<0 

-TV*-*— 5 1 4 t77y-7-7 1 5 fcfi, 
E»K«koTJWBLfc!RA£*&tfffl*%fc©-pfc* 
tf. ^W©«fi!Lh J e.-f Lt>^gftt,©T{ift<. ^-rti 
^-7^Tfed;< S^?3i:tft<rt,1ifcft^o 
[0 0 18] fiEM&SS 3 tcli, iS5ES^-tTV4^W 
/SXf 4 <fc o K. , iSEfS * - if > 4 ©±8S M t TM t 
(cgic^ ttfc/W^Xilgg l !9:^P>nTV^o ^ 
^/^XiiSgl 6{c(i, gf^W^X#l 7*^tS^tlT 
l>Sc SEM^^Xftl 7ti, 7^ii-* 1 8ic<t 
•3T*©BUa*TOStl, /W^XiiSSl 6rt%^ns 
SPM3SiX©gitil?:iISi ( 0~100 % ) -T^tOT-feS, 
T^^^x-^ 1 8<OftMl&, WfilgPl 9 (c^^TSiJiai 

[0 0 19] fgESn>yU'y9-8©±?MiJ©®«^SS 

0W&fltt>5. Sfc:. •l'y?-7-7l 4 fciSE 

7b>y-9-7©nsmE^P 1 *^ffl-T5® 1 E^J-b V9" 2 

1 1. »«jastT i *ttui-r*jas-bv9-2 2 t^isu 

5*lT^*o tfc, Iffg37yU'^7i:77y-y 
-5 1 5i:<D[ii3<D?a3UISS6£«:, KES=i>yu>y^ 
7 ©qtmET^l P 2 *«HB-r *S 2 E2>-tr V9- 2 3 A^lgtt 

[0 0 2 0] xy->*^2ic(i, xy->*y2©lQlHS 
3&RPM ^a-T5lHie-by9-2 4feJ:t/ft^fLD^m-r 
«*^-fe>-9-2 5^SW5tlTI/^ 0 CWI77D- 
■feVU-2 0, ®\EtHzy?2 K ^2E7^)-b>-9-2 

3, igjs*y9-2 2, ^u^y^2 A^rnxsnM^y^- 

2 5tt, ©JSSSP1 9CSS!?nTfet), #-trV^20~ 
2 5 0m^*W<agPl 9(ciMe,tl-g><fc7»cftoTi/^„ 
»g|51 9«> ^-bV-9-2 0-2 5*>6&P>tlTf /htfl 
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X#l 7 0B**«aOi5K*J»'r* 0 
[0 0 21] COIOT^PI 9O»7D-*027iS0 

[0022] x#-M&, xf'^nct, 

m-r^o swishfeaaoxvyviHUEftRPM ^gtso 
gi^LDtii. rami 9M££ft£ 0 

[0 0 2 3]^, Xx*y72KT, Xf7^1T*W 10 
LfcSS<0x>s;>i5HE8«PM fcftlSfLDi:*^ ftJ« l 

Zo fftfo^ SJSPSfll 9tt. '>a<fcfcxv^y[iHE 
&RPM tcg^TSEM>^^X#l 7<DS#BHfi£iS:£ 

[0 0 2 4] S*BBfiR^#gti, xv$;v2©ErtEft 
RPM ftJ;tfA^0««fcS^T, j#M>W^X#l 7 

os*wa«ria^-rs^-r^x#BBsv'y^M 1 

3 0 c^;W/U#MY77 p M 1 J: *3 . SBR/Vf^ 20 
x#i 7©a*Hft«rWJ»r*2:i:T*Ea*-e>4 
oail»*^««iJIIU, »EB3V7V)/tf7*x 
yv ? >2(DSemi (lellteftRPM . MffiLD) (C^totirT 

[0 0 2 5] #*6fcJBigT*tt, twmft 1 7«0S*BB 
£tt, B4©/Vf/<*#BHKv-y7M 1 (caVTctSU:, 

enekrph tf*<ftmD««**<atitf**<ao, m 

fi&RPM tfffi < *fifLD*^jN^ < ft tUf /hS < ft £ cfc 5 30 

*0S*rai4#»£«nT^*o cntc^D. jam 

[0 0 2 6] ^iC, Xx-yT^tcT, Xf7^1Tftffl 
9rt£»#i&8^fcB5fc;R*B«Eatfc- B«ttIE8ft 

E^tfc PR TARGET ^gfKgESffiM C TARGET £ffffi£2 

tlSc -T4t>%, fW»g?l 9tt\ xvf^>2(0aJE«ffi 
7 p U^-9-7cO§^E^1±PRtarget SrSS^SgjfiE* 

i±S£^a^ i«Ea3>yuy^7 0B«»iEaaaM 
c target *wt&+*sum>Emmfe¥mt*m*.r^ 

So 

[0027] ifflE^ttRS^afeiifgattiEijfais 

BffiEflJt- BS«iEi^^y7M2fr&4 
£ 0 C<0Vy7 p M2^*#iiinfcB«E*ttPR 
target fe J: tfBStfiE8!aiM c target tt, x»">2© 

atEWB (mescRPM . mld) ^{lkjsct. see 
&3>yu^u-7* : f«)^»5nfcmaoffBta ow*. so 



[0 0 2 8] **SBBffltTtt. HSfc^-riSfc* BflU 
Etftt- B«»IEffifiVy;/M2tt, IOOORPM SfiST* 
ttxv^VlsHERRPII <0±#KftoTgffiE*li:tPR 
target £*£<U IOOORPM SfiJCLbi: ft* i:BfllE* 
tt PR TARGET £W££-Mc, *©8*Wtt6TO£Stt 
Ti/^o CtUc£>K {6*jS@teiST*<D3iJeE*a«L 

ooaiae«poii»ja«*igaLTv^. 

[0 0 2 9] Xr^^4icT, 3Sl*5cfctfg2E 

±mmEt)P l 43<fctfTiSEffl!lOE*P 2*«fflU ffi 
fflSl 9ET£SE<D»J£EaJtPR=P2/P i*tw 

■r*o -ratoft, »sm 9 a, »Egj>ru7*7 

<D±85tecfctfT8iiOE*P l , P 2£Si/ v C8i*<Dffl!]£ 

E*JtPR*«aj^*«3eBE*jti»ai¥s*«-r*. so 

[0 0 3 0] #fc, Xfy^5lcT, ffiO^ErttbP R £ 

B*E*jtP rtasget tumm 1 9 rtTitesfts. 

^LT, MMU 9 tt, 9J^E*tfcPR>B«E*tkP 
R target ft£Xr>y7 6 6tCT8EM'W^X# l 7 OBflS 
**t<«fi*S:7>faX-* l 8K&9, ffly^E 
flit P R < til Jt P R target ft £ X f ^ 7 7 T J# 
M/^^X#l 7 0BBft*/h«<-r«}B^*7*^aX 
l 8(c35*o X-f^7 P 6S/c:ttXT^7 P 7%ajib 
fc»fctt* BtfXry r 4 tcMSc 
[0 0 3 l ] % LT> X-r^y4ti:TStfE^P l . P 
2*ttffiL, j|ISE*JtPR==P2/P l*»»U X 
f7/5 tCTiJ^E^ttP R tgjfE^ttP R target t 
ZttMtZo Z<Dmmi*. Xx-y^StcTiBiJ^E^lttP 
RtfB«E*ltP R target £-%LlrZ£Vfit>tiZo C 
<D y 4 - K / ^ 3?J W c «fc K> , X r 7 2 T ^ t tl tz 
VMjW9\7& l 7 <Og#M£*\ SlJSE^lttP R i: B 
<fE*i:t:P R target i:^-gcrs J: 9 ^MiE^n^o 1" 
ftto*. MNi 9tt> ffliJ^E^ttPR^glfE^ttP 
r target % tt« lt 6 ^-a-r * J: 9 tcgf w 
^x#i 7o**mt*«jE-r*iiiE#a**-r*. 

[0 0 3 2] ffilE^&tt. Xf7y4-7^6M^n 

PR) *OfctOxvv?>2 0Se*SI (ENEftRP 
M , ftffLD) tcv^^LZ-cE^tt (@^:E^lhtPR 

target ) tznzo cntaD, SEg3>yu7f 7 

tt, x>y>2«« (HHfeftRPM , M^LD) ICS 
*ci:tcfti) 0 

[0 0 3 3] Xx'y^5^T»JSE^ttPR = @ 

^E^lhtP R TARGET ^ft"9fcft^, XT^^8*C|pJ^ 



(5) 
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00 XTy7"8T-ti, I77D- b>+f2 0«c«toT^ 

®aTi*^ta*ns. ^lt, a^gm 9tc-c, us 

CDiJ^(*iEgitfflM c A\ Mc= (Mx (Tl/Tr) 
05 ) / (P 1/P r) »C«toTW|Jl?n-5. 
[0 03 4] CCf, T rli, mJUOrW&itT'3b>) 
20X, ( 293K) WBtr'&tl. Prli, ffilEfflOS^E* 
T'&^ME (1.013 BAR ) tfll/^ns. 1-4*5%, 
MMVl 9tt, KBERnV^Uyif 7«DIHI©j»6fcIE 

aaMc*«ffif«ia^«EiE8Sfi8ft«¥a af^ » 

8) ffl£ttiESiiHB£#@(i. I77D- b 

Vif 2 0i:SBlE7J'feVif 2 1 i?aS-b>if 2 2i:££ 
■T5o LT, Xx-y7°9(;:(Bi^3 = 
[0 0 3 5] Xf77*9m X-r-y78TWttJL7cilJ 
StflEfitiSM ctXf773 T*V -y 7°M 2 63Ri67c g 
fiS^IESELfiM c T*«t;tT £A\ »g|5 1 9rtT*l±3$2ft 
5. ^LT, i«S«iESitaMc=BS«iE8aiMc 
tarcet 4£>X'ry7°l Otc|D]M^X£-McS!), Ste 
^lEi^flM c = gflAf lESSMM c tarcet T*4lf fUf Xt 
■y7°l ifi:ifi»t>Kjtr (Wrif-S) *fWft«* 20 

[0 0 3 6] 1"4*5%, X t -y 7 5 TiWI^EEft tt P R # 
gHE/7lt PR target t-gjLfcfct, X -r^y 7* 9 TilJ 
£<gIE^M c *<Bfl(gIEiffigM c tarcet t-gjUTV 
Sft^frOMBtfftStU j»J«»iE»afiM c ^ifijtflE 
{JltfiM c target fc-glLTV&tttUf, <5J#*>©S«T- 
&5t#;L<E>fl3<0T\ Xf77l 1 Tlgff 
If-*) *fPMiS-a:S01?fe4. 1"4*5%> MfPtfl 9 
(4, »JS^]ESitfiMc^I^Eat«Mc tarcet 

1 l ) «rWT« 0 

[0 03 7] iBJ;£E73fctP RtfUfETjitP Rtarcet tc 
aLT^Ttilte^EffifflM c ^SflRttiEdSEBM c 
target fCiIL4i^J10i:LTti, (JlJxff, fgEI§3>7° 
U-y9-8fca«*t4UTjlElC^lf)LT^4W^S^, 
RaSSetteS^^gOJRfi (tfXffilf) tf£UT^ 

~ 7 EaVT,fc 3 icE^jtt PRT*7-<-K/W tmmi'U 

X# 1 7 ©Bagffliijffllfc <k o TETJtt P R fclf filEfftfiK <o 

*im&tf3bZo iot, I^IEgiiftMcfCfcoTS^JBj 

[0 0 3 8] 4*5, WfflSttfc«lj£«IE8f«M ci?7 
!7°M 2 £*#>7c g<l<«IE)ftffiM c target t (OitHSfSJIi 
fcfi^TSESt^f /<X# 1 7©S*BflfiO»iE*ffoT 

»ffi5nfc«iJ^E73tt P R V -y 7M 2 5 jR&fc §8 
ETjtt P Rtarcet fc©Jt«*B»*ffiifcS-&T^*. 1-4 
*5%, Xx-y75 £Xx-y79i:£AnifK.Tk«§*54 so 



*HJ8JBfilT«E73ltP R£0IEi5itftM c fcffiifc 
[0 0 3 9] {5IK45), (D»IE8itmMc<D»Hitt, Xf 

•y 7 8 (c^i"«t 9 Ktwtfaut-pfc oTtvn^< ! t;- 

g (i77o- b>-9-2 0. ^lETj-bVif 2 1 , iSft 
■bV-9-2 2) T'SSWcftL, E73ttPR©»ttS«, X 
•r -y 7° 4 Jc^Ti 3 (Ctt»AWT'$> o T-b >if & '>4 
<Tr3fc (SI 1 *3<tO*S2E73-b>-t»-2 1 . 2 3)fr£> 
T?SS= 3:7c, ©»Ei3StMM c T-ti, ?liEISn>7°U-y 
if 7<Dtt®&&%m?ZCti)mL<, Z<D®m<r>fifa 
ifS3Mc«i*466*i4^<Ol;:*fU ETjitPRT-fi, iC 

«, E;fjJ£PR = P 2/P 1 tfSSEISsvT'Uyif 7© 
E^it^tOT&ScOKttL, {IfclEftMgM c lifgEg 
n y 7 U -y If 8 Off ft ©»»*3* < £tt 3 7; 46(c £ C 

So 

[0 0 4 0] XT771 1 ©»XT7 7*1 2 fc|Sj>!)> 
3o XT771 2T'tt, 9J/£(gEiffiHM c fcifJ^Eftit 

pRttf, mmri 9 t#tjit tifcn 6 {c^-r^ftm 

WJPSV -y 7M 3 IC Xf) t ft , HffiOiaES a V 7 U y 
■f 7©Se«ffi*K*ttlU Xfy^l 3fCT, It—y 

*iMli«. ^bT, Jitt^«T&fl(f, Xf77"l 
4iCTX^-htcM!?, ^-i/*««Sfc«*-/<ur« 
i^T'fetltf, Xf7 7*1 5fCT8E8UW<X#l 7<Offi 
/t^PjafcL, XT771 6lcTX^-h{CK5o 
[0 0 4 1 ] cntiD, XT-y7"5-eE73ltPR^B 
SHIP Rtarcet (Ciltfctt, Xf -y 7°9 Ti5SaM c 
111 ilfl M c target fciiLT</^4ttWf, Hua?(OJ:-9tcM 
^(DSmT'fe-5 t%xTW%£I (»&7*f-$) Zlf 
WlZ*k*>i>\ *<D& X-r-y7°l 3-p*©S«tt«*^t 
E©3 V7*U-y9- 7 ^If-^igltf fctt*-/<uy«« 
T*£i>i:¥iJI|ln*ft3i:t, Bf^W^X#1 7*^MC 

t, •y— Vffi®£tc&*-;<ivzrmwvimzftT^z 

U<y1f7 *«§S1-*(0T'S>5o 
[0 0 4 2] 1"4*5%, fM8P3Pl 9tt, HEg^yyi/ 
•y if 7 ©il^ETDtt P R « J: tf iH£t*iE8lEftM c (-S^ 
T^ES^ y 7U-y if 7 <D«e^flS«nBi-r SiDIE^flg 
WBr^ S t . SEg 3 y 7 U -y if 7 tflf - 27fW£ 7c{4 

m^f'^x^ i 7«ra»-r*#fir¥ai:£fi*-a>*. 

)HE«IS4)JW¥SttBi 6 (C^1-#ftnS«»V'y 7°M 3 
^«#IS«Xr-y7°l SfeJcQM 5^W1"5o 
[0 0 4 3] tt±?JcB;3L7cJ;^{c, 2g 
iiSS->XfA l (Cfe^T, xy->*>2(0!5]fc!fcRPM 
» LD 6 A Eg 3 y 7" U -y if 7 (0 g ffi i: 1" S E f} it P 
Rtarcct £f&£U ^(OETJttP Rtarcet i:4S<fc-5^ 
7*mK«iJffll-r*t(Dt?fe«.o Cftlz 



(6) 



&m 2 0 0 1 - 3 2 9 8 4 9 



[0 0 4 4] 

mm<o%m ujumb l it a o tc mimic & ntr, a 

[0 0 4 5] (i)i^ES3yyb-y+)-©E^J±^iE5i(<: 
ffiSi LT SIT * SOT? , V7U7^^g© 

[0 0 4 6] (2)^-4-:fe«fct;xVi/y©tRBfmm<OM 

[0 1 ] *«WO-|lflUe«K:«« 2f£i®3£->XxA<D 

[0 2] ±l52Sji*&i/X-rAO$iJfflI7D-^-risSn 

[03] ±fESJSil7n-O^tt*S-rSSn0T*feS„ 20 
[0 4] ±ie0J®7a-»cffl^e,nS/W^X#^Sv 
•v7T*<&1>„ 



10 

[0 5] ±E»J»7a-Kffl^6n*i«E*Jt • B« 

[0 6 ] ±mm 7D-tcffl^p,n5 ftn^«$jf67 

[^OKiW] 

1 2gj§|gv'7 > x2» 

2 r-r— tf;l/xy->"y 

3 #em*m 

4 SES^-^y 

5 \m.m-^y 

7 SESavyu-yy- 

8 fgES=i>7by-9- 
1 6 /Vf/SxilSg 

1 7 8MRvW<X# 
1 9 

pr m%mhvc 

PRtarcet gflEftit 
M c i]£»IE8itS 

M C TARGET @fH!?IE)?ltit 

P 1 Eft 
P 2 Eft 



[0 1] 



[04] 



(7) 



If ffl 2 0 0 1 - 3 2 9 8 4 9 



[H2] 



®1x*-y* (24) 
RPM£, fi¥5-b>* (25) 



RPM <!: LD £ £'^^X#gajg-? y 7° 
(Mi ) IZ A ft L ' < -( 1 7) CDS* 



T 



MC TARGE ££^*-ftit" 



ST1 



ST2 



ST3 



EEft-trV* (21),(23) 
B.J1 1 L PR = P2/T1 *ft-*-r * 



ST5 





, s ST6 


(17) (£> 




ST4 



'<-f'*X# (17) <7> 



Tr = 293 [K] 
Pr = 1-013 [BAR] 



( ST8 



i77n-l'>'/ (20) 
(22) *^?ggTl£^* 



MxVT, /Tr 

(Pl/Pr) 




[«Hffl&7] 



1 



(8) 



2001-329849 



[03] 



I 



m c t pr t zm&mvm-* » ? 

(M3) CAfJls &&<D&*W&# 



ST14 

( i 


r 






ST12 



[$U8I]&7] 



(17) £> 



ST15 



ST16 



[05] 



M2 



# 

E 

ft 

[Mratir] 




Ik 

[PR] 



mm (Mc TAscn] 



[06] 



M3 




«£«jEtt [Mc] 



(72)3gl»# MP ffi* 



F£-A(#%) 3G005 DA02 EA04 EA14 EA16 EA23 

FA23 FA37 FA57 GB27 GE01 

GE08 GE09 JA02 JA13 JA24 
JA39 JA45 



